12 United States Patent

Pellizzer et al.

US009899451B2

US 9,899,451 B2
Feb. 20, 2018

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)

(22)

(65)

(62)

(1)

(52)

(58)

ARRAY OF CROSS POINT MEMORY CELLS
AND METHODS OF FORMING AN ARRAY
OF CROSS POINT MEMORY CELLS

Applicant: Micron Technology, Inc., Boise, 1D
(US)

Inventors: Fabio Pellizzer, Boise, 1D (US);
Stephen W. Russell, Boise, ID (US);
Tony M. Lindenberg, Boise, ID (US)

Assignee: Micron Technology, Inc., Boise, 1D
(US)
Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days.

Appl. No.: 15/155,433
Filed: May 16, 2016

Prior Publication Data

US 2016/0260777 Al Sep. 3, 2016

Related U.S. Application Data

Division of application No. 14/293,577/, filed on Jun.
2, 2014, now Pat. No. 9,362,494,

Int. CL.
HOIL 27/24 (2006.01)
HOIL 45/00 (2006.01)
U.S. CL
CPC ...... HOIL 2772472 (2013.01); HOIL 27/2427
(2013.01); HOIL 27/2463 (2013.01); HOIL
45/04 (2013.01); HOIL 45/06 (2013.01);
HOIL 45/065 (2013.01); HOIL 45/126
(2013.01); HOIL 4571233 (2013.01);
(Continued)
Field of Classification Search
None

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

2004/0195604 Al
2006/0226409 Al
2007/0272913 Al

10/2004 Hwang et al.
10/2006 Burr
11/2007 Scheuerlein

(Continued)

FOREIGN PATENT DOCUMENTS

EP 14749460 7/2016

OTHER PUBLICATTIONS

KidsPedia. “Learn english: Cursive Letter—V” (Jun. 12, 2010)
Retrieved from https:1lwww.youtube.com/
watch?v=MmEclOwdvkQ.

(Continued)

Primary Examiner — Jachwan Oh

Assistant Examiner — Bo Bin Jang
(74) Attorney, Agent, or Firm — Wells St. John P.S.

(57) ABSTRACT

An array of cross point memory cells comprises spaced
clevationally inner first lines, spaced elevationally outer
second lines which cross the first lines, and a multi-resistive
state region elevationally between the first and second lines
where such cross. Individual of the multi-resistive state
regions comprise elevationally outer multi-resistive state
material and elevationally inner multi-resistive state mate-
rial that are electrically coupled to one another. The inner
multi-resistive state material has opposing edges in a vertical
cross-section. The outer multi-resistive state material has
opposing edges 1n the vertical cross-section that are laterally
oflset relative to the opposing edges of the mner multi-
resistive state material in the vertical cross-section. Methods
are also disclosed.

20 Claims, 15 Drawing Sheets




US 9,899,451 B2
Page 2

(52) U.S. CL

CPC ...

(56)

2007/0285969
2008/0064200
2008/0123394

2009/0230378
2010/0065804
2010/0203672
2010/0243980
2010/0254175
2011/0068318

2011/0155985
2012/0091422
2012/0126196
2012/0248504
2014/0206171
2016/0111639

Microsoft,

HOIL 45/144 (2013.01); HOIL 45/146

(2013.01); HOIL 45/147 (2013.01); HOIL
4571675 (2013.01)

References Cited

U.S. PATENT DOCUMENTS

12/2007 Toda et al.
3/2008 Johnson et al.

9/2009 Ryoo et al.
3/2010 Park
8/2010 Eun et al.
9/2010 Fukumizu
10/2010 Scheuerlein

6/2011 Oh et al.
4/2012 Choi et al.
5/2012 Pio

10/2012 Liu
7/2014 Redaelli
4/2016 Wells

AN A AN AN AN AN A

N RN

OTHER PUBLICATIONS

1%  5/2008 Lee ...ccooooeveeinnnnnnnnn,

1% 3/2011 Ishibashi ..............

G11C 11/16

365/148

HO1L 27/101

257/5

“Old English Text MT” (2008) Retrieved from

https:llweb.archive.org/web/20081101224859/http:llwww.

microsoft.com/typography/fonts/family.aspx?FID=127.

* cited by examiner



U.S. Patent Feb. 20, 2018 Sheet 1 of 15 US 9,899,451 B2

2 a
L .2

:

FIG. 2



U.S. Patent

lt'-.".l

iy, 18

\\\\\\\\\\ X

FIG. 4

'. : 2 : e 5-,':-":'-f‘-‘:'-:‘i'*:'-.'.'-":'-:'-'*:'-:'5*:'-:'-‘
NN N\ 20

Feb. 20, 2018 Sheet 2 of 15

N

//////// I-*-—-ze

4 //////// ‘/4
wé"//%ﬁ%%_.

243
22 — JF6

27

26 26

:

US 9,899,451 B2

10

/

26 26

:

it



U.S. Patent Feb. 20, 2018 Sheet 3 of 15 US 9,899,451 B2

/10
> 8
T T T T |
i . /-i~3o
% ' .‘/"%‘“28
7 0 7
[ I A
o N
L L8
FIG. 6

/10
30
N
22 .wm A B | | EE !
S M 1;8 i% % % % I . 28
| ' |
. . .

FIG. 7 FIG. 8



U.S. Patent Feb. 20, 2018 Sheet 4 of 15 US 9,899,451 B2

10
e
- "
26""‘""‘*3?, 28
zze: 7 >
1{) 26""""" M_ig 10
‘ 26_.,...,...____ i,

L 11 30

/10
20 26
Zf a0 ég 30 26 30 ‘
TN, ::g i< % < % | +28
| _ |
\\\\\\ - NUNUNUN

FIG. 10 FIG. 11



U.S. Patent Feb. 20, 2018

1\\%%%%%&&\%%%
ALILILESLSETLLILLEITLIELLEITLSITSIIS LI IS LSS

20

18/’1L I

\\\\\\\\\\

FIG. 13

Sheet 5 of 15

US 9,899,451 B2

10

/.

26 26 26 26

# il & ¢

/I

::m\x\\mm\mm Vu\"’i‘.\ “"'L\\
2 4 l ey Py S LD frff J"Ifﬂ
22 'ﬁ e
20 Hm =

29—"iTAN ' =29
14T & & \

L i

o |
FIG. 14

N I\\




U.S. Patent

Feb. 20, 2018

Sheet 6 of 15

;;W//f R e e iy e /M/I 2

yﬁﬂﬂ

29
? 36

24

v s SIS A

x\\\\\\\\\\\\\\\\\\\\\ )+~ 40

L L o L L i s

L LD 40 46

AL LSS LIS

2 41
>:\\ \\\\\\\ 40 T

i"‘li"h"l-."l"ﬂ.

S SLL SIS SIS AT AL, VLS.

“Tm*“m*“m* L& B

7 Lz ow w
FIG. 15
10 10
/ “
e

\\\m\m\\\%mm\m
; fffffffffffffffffffffffffffffffffffffffffff

20

13/Jr |

/uﬁ"’ fm

: ;
’L_ﬁ/‘______l

26

FIG. 16

] S

NN
Y277

\
\\\ \\\ 41

34
32

NN\
fffﬁ

\‘L\\L\
ffff

i\“'ﬂh
P '

- l

il

2 ,..!\\\
14 1\\

|

N

FIG. 17

US 9,899,451 B2



U.S. Patent Feb. 20, 2018 Sheet 7 of 15 US 9,899,451 B2

10
“
I —— N
/'*i* 30z
i
| 19
i
e _

10
/ 40 40 40 40 ,/

‘36-‘302¢36# 29z

- 282 '
N - a4 \‘&\\ N \\ - 282
2 ﬁ o ﬁ =1}
}}%}Eﬁ}%}%‘m}}%}}}%}} TP P TP PP
SRR g;' Iﬁ =
70~ LMMITTTTIIMTTITT T 20 |§ _' ﬁ ﬁ ;
—- | |
18 fM /’J{.- ::2 I‘B"f/{ Z | | |
14 \ 14 \ N

‘ 12 l'L' ‘
30 29

FIG. 19 FIG. 20




U.S. Patent Feb. 20, 2018 Sheet 8 of 15 US 9,899,451 B2

HHMIDDMU~4S§gMMNY

P — A
22 28;é ; \\\\\\\\\\\\\\\\\\\\\\\\ .,
&
L 23 30z

10 10
30z ,/
/ 30z 297 : 30z 9297
36 36 \ 36 38 36 | 30z
32% % % (UL e
Ll 24— TEAT AT | 4T 4 B
s 20 .:\ SWIRISNIREINE
18/+ | 13 |’ HiliEnE
AN, _ !fff < < << .
: 29 - 29
14 Q\\\\\ UNUANUN

’ 12 .L'

FIG. 22




U.S. Patent Feb. 20, 2018 Sheet 9 of 15 US 9,899,451 B2

10 10

“ “

Y SN s‘*lm N 205

39 E ﬁ . ﬁ I Z
R e

20—t | Ead| (]|

al | 18 l’ LU

2

iiiiiiii P L Ll Al e I

E * "'I-‘ "‘:! ""l. "‘l-- il Me t:"' . l-':: »" :‘:‘ ""::' gt e e, ‘i- » * "'-. "‘l-'
LT NN SS SNSRI SRS AR AR AN AN NANS Sy

44
36
34
32
24
20

"

"

- ™
L w e "

i ot | J\_ ] |

B

1
1
14
1

FIG. 25




U.S. Patent Feb. 20, 2018 Sheet 10 of 15 US 9.899.451 B2

10

e i
— 29 /

44 + 14 4414 4414 44 14
S S NSRS S 36 ‘ NS
“§NNN I : >>§>§.\..§‘
O — — w—g - m-m—“—‘"’\n
L1 %\\2@%@%‘, EESNS SN
ViV V3 30 e e O s Y e O e I 0
. "/4 — Y 29z T m"
Y FIG. 30
FIG. 27
10 10
50 50 &0 B0 »/ 50 '/
l l i l 302 302 302
» 3 N N lr 34. '& ““* l 30z
32 g g E E E ““ “‘\ éﬂé 30
i @ @ . ‘ % Ikl
18 L L L

/f!’ /ﬁ w7 W 2 Al |\ Al | gl

AN =N N

ottt ] -4 | 4 \301 5

26 26 30 26 29 26 26

FIG. 28 FIG. 29




U.S. Patent Feb. 20, 2018 Sheet 11 of 15 US 9,899,451 B2

/10

— 34 30w
S — 7/"“’1
| |
| /rZSﬂ
l 1

33 | ; | 33

I
L N

—» 34

FIG. 32
10 10
50 50 50 50 »/ =0 '/

30w 28w

o~y y gy W\, 30z 30z /30z W
«amlr /////////

36l

S AR m \‘R\
ﬁ S || 2ew E; dﬁﬂ [ 20,
l‘}}?} L | | 30 7 M s M e “}-m 30

zz R el m« 427
20 NRENSERENNG NN l
e L JUL UL | |1 |
16 ;—‘yf 7 v /ﬁ’ y g i{%‘ iﬁ" :

N TS 30

|—_f—|

26 26 3V 26 29 26 29 o5

FIG. 33 FIG. 34



U.S. Patent

Feb. 20, 2018

20

20

M’/

12 /t___________________J

FIG. 36

10a

Sheet 12 of 15

US 9,899,451 B2

/10@
206 206

26 20

N lzgsol ‘L l
> T T
24 s [l
FNINININ
12’! l

FIG. 37



U.S. Patent Feb. 20, 2018 Sheet 13 of 15 US 9.899.451 B2

:':' ‘:' :l' y l

. "- » '_ ’; '#- |

1 |

|

i i
|

i

|

|




U.S. Patent

Feb. 20, 2018

US 9,899,451 B2

Sheet 14 of 15

36 “““‘3—0-— 4

22

uuuuuu -i - r
i Bl

42 *5—9-40 45

22
L = %//////////// oy

22

:3:-.

L

’ \\\\\\\\\\\

29

10a

/

40 40 40 40

e 4 1

w7 ////
34 ._.I..I_;: =l
ol I |
18 l. B . . '
ANINININ
«NUNUNUN

124_’_?_%_144_'

63026 26 26

FIG. 43



U.S. Patent

FIG. 45

a4

Feb. 20, 2018

l !
7 ,- _..4

o 5  |

26

Sheet 15 of 15

US 9,899,451 B2

|
" a:?
2211 -
20
18 Il
167 \

14

//1

jﬁ" A
sl !' "

29;
30z
"u 41

u
."'*'- :.:-' ‘
o -
l‘ffl' i
e " .
. » "'. il' " " l --
ey S w0 4 27
t

\\‘\\

!
\

®

]

ﬂ L
"-' I‘

\\

Jﬂ'

\

§ |

124+ 429 ' [ | |

26 30 26

26

FIG. 46

26




US 9,899,451 B2

1

ARRAY OF CROSS POINT MEMORY CELLS
AND METHODS OF FORMING AN ARRAY
OF CROSS POINT MEMORY CELLS

RELATED PATENT DATA D

This patent resulted from a divisional application of U.S.
patent application Ser. No. 14/293,577, filed Jun. 2, 2014,

entitled “Array Of Cross Point Memory Cells And Methods
Of Forming An Array Of Cross Point Memory Cells”, 10
naming Fabio Pellizzer, Stephen W. Russell, and Tony M.
Lindenberg as inventors, the disclosure of which is incor-
porated by reference.

TECHNICAL FIELD 15

Embodiments disclosed herein pertain to arrays of cross

point memory cells and to methods of forming arrays of

cross point memory cells.
20

BACKGROUND

Memory 1s one type of mtegrated circuitry, and 1s used in
computer systems for storing data. Integrated memory 1is
usually fabricated in one or more arrays of individual 25
memory cells. The memory cells are configured to retain or
store memory 1n at least two diflerent selectable states. In a
binary system, the states are considered as either a “0” or a
“1”. In other systems, at least some individual memory cells
may be configured to store more than two levels or states of 30
information. The memory cells might be volatile, semi-
volatile, or nonvolatile. Nonvolatile memory cells can store
data for extended periods of time 1n the absence of power.
Nonvolatile memory 1s conventionally specified to be
memory having a retention time of at least about 10 years. 35
Volatile memory dissipates, and i1s therelore refreshed/re-
written to maintain data storage. Volatile memory may have
a retention time of milliseconds, or less.

Integrated circuitry fabrication continues to strive to pro-
duce smaller and denser integrated circuits. There 1s a 40
continuing effort to reduce the number of components 1n
individual devices because such can reduce the size of
finished constructions and simplify processing. The smallest
and simplest memory cell will likely be comprised of two
clectrodes having a programmable material, and possibly a 45
select device (such as a diode or ovonic threshold switch),
received between them. Suitable programmable materials
have two or more selectable memory states to enable storing,
of information by an individual memory cell. The reading of
the cell comprises determination of which of the states the 50
programmable materal 1s in, and the writing of information
to the cell comprises placing the programmable material in
a predetermined state. Some programmable materials retain
a memory state 1 the absence of refresh, and thus may be
incorporated into nonvolatile memory cells. 55

One type of non-volatile memory 1s phase change
memory. Such memory uses a reversibly programmable
maternial that has the property of switching between two
different phases, for example between an amorphous, dis-
orderly phase and a crystalline or polycrystalline, orderly 60
phase. The two phases may be associated with resistivities of
significantly different wvalues. Presently, typical phase
change materials are chalcogenides, although other materi-
als may be developed. With chalcogenides, the resistivity
may vary by two or more orders of magnitude when the 65
material passes between the amorphous (more resistive)
phase and the crystalline (more conductive) phase. Phase

2

change can be obtained by locally increasing the tempera-
ture of the chalcogenide. Below 150° C., both phases are
stable. Starting from an amorphous state and rising to
temperature above about 400° C., a rapid nucleation of the
crystallites may occur and, 1f the material 1s kept at the
crystallization temperature for a suiliciently long time, 1t
undergoes a phase change to become crystalline. Reversion
to the amorphous state can result by raising the temperature
above the melting temperature (about 600° C.) followed by
cooling.

In phase change memory, a plurality of memory cells 1s
typically arranged 1n rows and columns to form an array or
sub-array. Each memory cell is coupled to a respective select
or access device which may be implemented by any swit-
chable device, such as a PN diode, a bipolar junction
transistor, a field eflect transistor, etc. The access device 1s
often electrically coupled with, or forms a part of, what 1s
referred to as an access line or word line. A resistive
clectrode 1s electrically coupled with the switchable device,
and comprises heater material which 1s configured to heat up
upon suflicient current flowing there-through. The phase
change maternial 1s provided in proximity to the heater
matenal, thereby forming a programmable storage element.
The crystallization temperature and the melting temperature
are obtained by causing an electric current to flow through
the heater matenal, thus heating the phase change material.
Alternately, the access device may be essentially sufliciently
seli-heating upon current flow there-through whereby sepa-
rate heater material 1s not used. Regardless, an electrode,
typically referred to as a bat, digit, or select line, 1s electri-
cally coupled to the phase change matenal.

Multi-resistive state materials, such as phase change
materials, can pose challenges during manufacture. For
example 1n cross point memory, mdividual memory cells
may encompass a multi-resistive state material between a
top electrode and a middle electrode. A select device may be
between the middle electrode and a bottom electrode. All of
these features may be received elevationally between a
bottom electrode line and a crossing top electrode line.
Maternals of all this components should be able to withstand
all of the processing during fabrication of each material into
a desired finished shape. Unfortunately, many phase change

materials exhibit mechanical weakness particularly as their
thicknesses increase.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagrammatic top plan view of a substrate
fragment 1n process in accordance with an embodiment of
the 1nvention.

FIG. 2 1s a diagrammatic sectional view taken through
either of lines 2-2 1n FIG. 1.

FIG. 3 1s a view of the FIG. 1 substrate at a processing
step subsequent to that shown by FIG. 1.

FIG. 4 1s a diagrammatic sectional view taken through
line 4-4 1n FIG. 3.

FIG. 5 1s a diagrammatic sectional view taken through
line 5-5 i FIG. 3.

FIG. 6 1s a view of the FIG. 3 substrate at a processing
step subsequent to that shown by FIG. 3.

FIG. 7 1s a diagrammatic sectional view taken through
line 7-7 1n FIG. 6.

FIG. 8 1s a diagrammatic sectional view taken through
line 8-8 1n FIG. 6.

FIG. 9 1s a view of the FIG. 6 substrate at a processing,
step subsequent to that shown by FIG. 6.
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FIG. 10 1s a diagrammatic sectional view taken through
line 10-10 1n FIG. 9.

FIG. 11 1s a diagrammatic sectional view taken through
line 11-11 1n FIG. 9.

FIG. 12 1s a view of the FIG. 9 substrate at a processing,
step subsequent to that shown by FIG. 9.

FIG. 13 1s a diagrammatic sectional view taken through
line 13-13 1n FIG. 12.

FIG. 14 1s a diagrammatic sectional view taken through
line 14-14 1n FIG. 12.

FIG. 15 1s a view of the FIG. 12 substrate at a processing,
step subsequent to that shown by FIG. 12.

FIG. 16 1s a diagrammatic sectional view taken through
line 16-16 1n FIG. 15.

FIG. 17 1s a diagrammatic sectional view taken through
line 17-17 1n FIG. 15.

FIG. 18 1s a view of the FIG. 15 substrate at a processing,
step subsequent to that shown by FIG. 15.

FIG. 19 1s a diagrammatic sectional view taken through
line 19-19 1n FIG. 18.

FIG. 20 1s a diagrammatic sectional view taken through
line 20-20 1n FIG. 18.

FIG. 21 1s a view of the FIG. 18 substrate at a processing,
step subsequent to that shown by FIG. 18.

FIG. 22 1s a diagrammatic sectional view taken through
line 22-22 1n FIG. 21.

FIG. 23 1s a diagrammatic sectional view taken through
line 23-23 1n FIG. 21.

FI1G. 24 1s a view of the FIG. 21 substrate at a processing
step subsequent to that shown by FIG. 21.

FIG. 25 1s a diagrammatic sectional view taken through
line 25-235 1n FIG. 24.

FIG. 26 1s a diagrammatic sectional view taken through
line 26-26 1n FIG. 24.

FI1G. 27 1s a view of the FIG. 24 substrate at a processing,
step subsequent to that shown by FIG. 24.

FIG. 28 1s a diagrammatic sectional view taken through
line 28-28 1n FIG. 27.

FIG. 29 1s a diagrammatic sectional view taken through
line 29-29 1n FIG. 27.

FIG. 30 1s a diagrammatic sectional view taken through
line 30-30 1n FIG. 29, and 1s rotated 90° to conform to the
substrate positioning as shown 1n FIG. 27.

FIG. 31 1s a diagrammatic sectional view of the FIG. 28
substrate.

FI1G. 32 1s a view of the FIG. 28 substrate at a processing,
step subsequent to that shown by FIG. 28.

FIG. 33 1s a diagrammatic sectional view taken through
line 33-33 1n FIG. 32.

FIG. 34 1s a diagrammatic sectional view taken through
line 34-34 1n FIG. 32.

FIG. 35 1s a diagrammatic top plan view of a substrate
fragment 1n process in accordance with an embodiment of
the 1nvention.

FIG. 36 1s a diagrammatic sectional view taken through
line 36-36 1n FIG. 35.

FIG. 37 1s a diagrammatic sectional view taken through
line 37-37 1n FIG. 35.

FIG. 38 1s a view of the FIG. 35 substrate at a processing
step subsequent to that shown by FIG. 35.

FIG. 39 1s a diagrammatic sectional view taken through
line 39-39 1n FIG. 38.

FIG. 40 1s a diagrammatic sectional view taken through
line 40-40 1n FIG. 38.

FI1G. 41 1s a view of the FIG. 38 substrate at a processing,
step subsequent to that shown by FIG. 38.
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FIG. 42 1s a diagrammatic sectional view taken through
line 42-42 1n FIG. 41.

FIG. 43 1s a diagrammatic sectional view taken through
line 43-43 1n FIG. 41.

FIG. 44 1s a view of the FIG. 41 substrate at a processing,
step subsequent to that shown by FIG. 41.

FIG. 45 1s a diagrammatic sectional view taken through
line 45-45 1n FIG. 44.

FIG. 46 1s a diagrammatic sectional view taken through
line 46-46 1n FIG. 44.

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS

(L]

Example methods of forming an array of cross point
memory cells are mitially described with referring to FIGS.
1-34. FIGS. 1 and 2 show a substrate fragment 10 compris-
ing a base substrate 12 having various materials formed
thereover. Substrate 12 may comprise a semiconductor sub-
strate. In the context of this document, the term *“semicon-
ductor substrate” or “semiconductive substrate’ 1s defined to
mean any construction comprising semiconductive material,
including, but not limited to, bulk semiconductive materials
such as a semiconductive waler (either alone or 1n assem-
blies comprising other materials thereon), and semiconduc-
tive material layers (either alone or 1n assemblies comprising,
other materials). The term “substrate” refers to any support-
ing structure, including, but not limited to, the semiconduc-
tive substrates described above. Partially or wholly fabri-
cated components of integrated circuitry may be formed as
part of, or be elevationally inward of, substrate material 12.

Any of the materials and/or structures described herein
may be homogenous or non-homogenous, and regardless
may be continuous or discontinuous over any material that
such overlie. As used herein, “diflerent composition™ only
requires those portions of two stated materials that may be
directly against one another to be chemically and/or physi-
cally different, for example 11 such materials are not homog-
enous. It the two stated materials are not directly against one
another, “different composition” only requires that those
portions of the two stated materials that are closest to one
another be chemically and/or physically different if such
materials are not homogenous. In this document, a material
or structure 1s “directly against” another when there 1s at
least some physical touching contact of the stated materials
or structures relative one another. In contrast, “over”, “on”,
and “against” not preceded by “directly”, encompass
“directly against” as well as construction where intervening
material(s) or structure(s) result(s) 1 no physical touching
contact of the stated materials or structures relative one
another. Further, unless otherwise stated, each material may
be formed using any suitable existing or yet-to-be-developed
technique, with atomic layer deposition, chemical vapor
deposition, physical vapor deposition, epitaxial growth, dii-
fusion doping, and 1on implanting being examples.

Inner conductive (1.e., electrically) electrode matenal 14
has been formed over base substrate 12. Example compo-
sitions for electrode material 14 are elemental metals, a
mixture or alloy of two or more elemental metals, conduc-
tive metal compounds, and conductively-doped semicon-
ductive materials. An example thickness for material 14 1s
about 20 to 100 nm. In this document, “thickness™ by 1tself
(no preceding directional adjective) 1s defined as the mean
straight-line distance through a given material or region
perpendicularly from a closest surface of an immediately
adjacent material of different composition or of an 1mme-
diately adjacent region. Additionally, the various materials
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described herein may be of substantially constant thickness
or of variable thicknesses. If of variable thickness, thickness
refers to average thickness.

Conductive bottom electrode material 16 has been formed
over inner electrode material 14, and in one embodiment
directly against material 14. In this document, “elevational”,
“upper”’, “lower”, “top”, and “bottom” are with reference to
the vertical direction. “Horizontal” refers to a general direc-
tion along a primary surface relative to which the substrate
1s processed during fabrication, and vertical 1s a direction
generally orthogonal thereto. Further, “vertical” and “hori-
zontal” as used herein are generally perpendicular directions
relative one another independent of orientation of the sub-
strate 1n three-dimensional space. An example thickness for
bottom electrode maternial 16 1s about 10 to 50 nm. Example
compositions are as described above for material 14.

Select device material 18 has been formed over bottom
clectrode material 16, and 1n one embodiment directly
against material 16. Such may be formed of any suitable
material(s) to provide a select device function (e.g., as a
diode or ovonic threshold switch). An example thickness for
select device material 18 1s about 10 to 40 nm. Conductive
mid-electrode material 20 has been formed over select
device material 18, and 1n one embodiment directly against
material 18. Example compositions for mid-electrode mate-
rial 20 are as described above for material 16. Additionally
or alternately, material 16 may comprise heater maternal
particularly when multi-resistive state material described
below comprises phase change material and where program-
ming occurs by heating. Example heater materials are
T1SiN-based materials and TiN-based materials having
material other than silicon therein. An example thickness for
mid-electrode material 20 1s about 5 to 50 nm. Bottom
clectrode material 16 and/or mid-electrode material 20 may
have diflusion barrier properties. Bottom electrode matenial
16 may also comprise heater material.

Inner multi-resistive state material 22 1s formed eleva-
tionally over mid-electrode material 20, and in one embodi-
ment directly against material 20. In one embodiment, such
comprises phase change material, with example composi-
tions being chalcogenides such as GeSbTe-based matenals.
Other multi-resistive state materials may be used, such as
multi-resistive state metal oxide-comprising materials, for
example comprising two diflerent layers or regions gener-
ally regarded as or understood to be active or passive
regions, although not necessarily. Example active cell region
compositions which comprise metal oxide and can be con-

figured 1n multi-resistive states include one or a combination
of Sr,.Ru O_, Ru O,, and In _Sn O, . Other examples include

MgO, TélJ;OS,J SrTiyO3,, /rO_ (perhaps doped with La), and
CaMnQO; (doped with one or more of Pr, La, Sr, or Sm).
Example passive cell region compositions include one or a
combination of Al,O,, TiO,, and HiO,. Regardless, an
example thickness for inner multi-resistive state material 22
1s about 10 to 30 nm.

Material 24 1s formed elevationally over inner multi-
resistive state material 22, and 1n one embodiment directly
against material 22. In one embodiment, material 24 1s at
least one of metal material and semi-metal material. In this
document, a “metal material” contains metal 1 any of
clemental, alloy, and compound forms and has an electrical
resistance of less than 1x10™* ohm-cm. Examples are
clemental metals, a mixture or alloy of two or more elemen-
tal metals, and conductive metal compounds, such as tung-
sten, tungsten nitride, titantum, and titanium mitride. In thas
document, a “semi-metal material” 1s any composition hav-
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1107 ohm-cm. Examples include titanium-silicon-nitride
(e.g., heater material), conductively doped semiconductive
materials, and tungsten carbide. In one embodiment, mate-
rial 24 1s not programmable material (1.e., 1t 1s 1ntrinsically
not capable of being programmed to different resistive
states). An example thickness for material 24 1s about 2 to
20 nm.

Referring to FIGS. 3-5, materials 14-24 have been pat-
terned to form spaced first lines 26. An example technique
includes photolithographic patterning and etch. Regardless,
pitch multiplication may be used. First lines 26 may be
considered as having longitudinal edges 27.

Referring to FIGS. 6-8, diclectric material 28 has been
deposited to cover over material 24, 1n one embodiment
directly against material 24, and to overfill spaces between
first lines 26. In one embodiment and as shown, dielectric
material 28 comprises a first dielectric material 29 (e.g.,
silicon nitride) and a second dielectric material 30 (e.g.,
doped or undoped silicon dioxide). Two different composi-
tion dielectric materials 29, 30 may be used where a more
desired dielectric material 30 would otherwise react or
negatively interact with one of more of matenals 14-24.

Referring to FIGS. 9-11, dielectric material 28 has been
polished back to expose material 24, and in one embodiment
using material 24 as a polish stop. Example polishing
techniques 1nclude mechanical polishing and chemical
mechanical polishing.

Referring to FIGS. 12-14, and in one embodiment, mate-
rial 24 may be considered as lower material that 1s formed
prior to forming first lines 26. Upper material 32 1s formed
over, and 1n one embodiment directly against, lower material
24. Upper material 32 comprises at least one of metal
material and semi-metal material. Examples include those
materials described above for material 24. Lower material
24 and upper material 32 may be of the same composition
or of different compositions relative one another. An
example thickness for upper material 32 1s about 2 to 20 nm.

Outer multi-resistive state material 34 1s formed eleva-
tionally over upper material 32, and in one embodiment
directly against material 32. Example outer multi-resistive
state materials are the same as those described above for
inner multi-resistive state material 22. Materials 22 and 34
may be of the same composition or of diflerent compositions
relative one another, and/or of same or different thickness
relative one another. An example thickness for outer multi-
resistive state material 34 1s about 10 to 30 nm. In the
depicted embodiment, outer multi-resistive state material 34
clectrically couples to inner multi-resistive state material 22
through materials 32 and 24 (e.g., a contact resistance
between materials 34 and 22 of no greater than about 10~’
ohm-cm” when materials 34 and 22 are programmed to be in
a respective highest conductivity state). In one embodiment,
one or both of materials 32 and 24 are formed to be
intrinsically of higher conductivity (1.e., electrical) than each
ol 1inner multi-resistive state material 22 and outer multi-
resistive state material 34 when matenials 22 and 34 are
programmed to be 1n a respective highest conductivity state.
FIGS. 12-14 depict an example embodiment wherein outer
multi-resistive state material 34 1s not formed directly
against 1nner multi-resistive state material 22 within the
array. Alternate embodiments are described below, and
which may or may not include use of one or both of
maternials 24 and 32.

Conductive top electrode material 36 1s formed over outer
multi-resistive state material 34, and in one embodiment
directly against material 34. Example materials include any
of those described above for material 16. An example
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thickness for material 36 1s about 10 to 50 nm. Top electrode
material 36, upper material 32, and/or lower material 24 may
have diffusion barrier properties.

Referring to FIGS. 15-17, matenials 32, 34, and 36 have
been patterned to form spaced second lines 40 that individu-
ally are elevationally over, longitudinally along, and elec-
trically coupled to inner multi-resistive state material 22 of
first lines 26. In one embodiment, second lines 40 are formed
to have longitudinal edges 41 that are laterally offset from
longitudinal edges 27 of first lines 26. Such may result as an
artifact ol manufacture where, for example, a mask pattern
for second lines 40 1s the same as a mask pattern for first
lines 26 and mis-alignment occurs of those masks relative to
one another. Alternately, a lateral ofiset may be intentional.
Regardless, such will result 1n less contact area between
multi-resistive state materials 22, 34 than would occur 1f
perfect alignment was achieved of the mask for forming
second lines 40 relative to that for forming first lines 26.
Forming at least upper material 32 to be of higher conduc-
tivity than material 34 when 1n 1ts highest conductivity state
may facilitate reduction of contact resistance between mate-
rials 22 and 34.

Referring to FIGS. 18-20, dielectric material 28z has been
deposited to cover over top electrode material 36 and overtill
spaces between second lines 40. Material 28z may comprise
first and second dielectric material 29z and 30z, respectively,
with example compositions being those as described above
for dielectric materials 29 and 30, respectively.

Referring to FIGS. 21-23, dielectric material 28z has been
polished back to expose top electrode material 36.

Referring to FIGS. 24-26, outer conductive material 44
has been formed elevationally over top electrode matenal
36, and in one embodiment directly against material 36.
Outer conductive material 44 1n the depicted embodiment
clectrically couples to patterned outer multi-resistive state
material 34 through top electrode material 36. Example
compositions and thickness for outer conductive material are
the same as those described above for inner electrode

material 14.
Referring to FIGS. 27-30, materials 16, 18, 20, 22, 24, 32,

34, 36, 44, 29, 30, 29z, and 30z have been patterned to form
spaced third lines 50 which comprise outer conductive
material 44 crossing elevationally over and electrically
coupled to previously-patterned (e.g., partially patterned)
outer multi-resistive state material 34. Example techniques
for forming lines 50 include photolithographic patterning
and etch. Regardless, pitch multiplication may be used. In
one embodiment, the forming of third lines 50 within the
array comprises etching using a mask (the mask not being
shown). The etching using the mask in such embodiment
may comprise etching top electrode material 36, imner and
outer multi-resistive state materials 34, 22, and bottom
clectrode material 16 (i.e., at least these materials) inwardly
to mner conductive electrode material 14.

Lines 50 comprise continuously-running outer conductive
maternal 44 and remaining lines 26 comprise continuously-
running nner conductive matenial 14. Lines 26 may be
considered and/or function as access row lines. Lines 50
may be considered and/or function as sense column lines.
However, use of “row” and “column” 1n this document 1s for
convenience 1n distinguishing one series ol lines from
another series of lines. Accordingly, “row” and “column™ are
intended to be synonymous with any series of lines 1nde-
pendent of function. Regardless, the rows may be straight
and/or curved and/or parallel and/or not parallel relative one
another, as may be the columns. Further, the rows and
columns may intersect relative one another at 90° or at one
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or more other angles. In the depicted example, each of the
row lines and column lines are shown as being individually
straight and angling relative one another at 90°.

FIG. 31 1s a diagrammatic depiction showing and com-
paring horizontal shape and position of outer multi-resistive
state material 34 and inner multi-resistive state material 22
relative one another. All other material 1s not shown for
clanity. Materials 36 and 32 may be of the same horizontal
shape and position as outer multi-resistive state material 34.
Maternials 24, 20, 18 and 16 may be of the same horizontal
shape and position as mner multi-resistive state material 22.

Referring to FIGS. 32-34, diclectric material 28w has
been deposited to overlie third lines 50 and fill void space
between third lines 50 and patterned materials 44, 36, 34, 32,
24, 22, 20, 18, and 16. Material 28w may comprise first and
second dielectric material 29w and 30w, respectively, with
example compositions being those as described above for
dielectric materials 29 and 30, respectively.

Some embodiments of the mvention include a method of
forming an array ol cross point memory cells comprising
patterning inner multi-resistive state material (e.g., material
22) and 1nner electrode material (e.g., material 14) to form
spaced first lines (e.g., lines 26) individually comprising the
inner multi-resistive state material elevationally over the
clectrode material independent of whether other matenal 1s
present (e.g., regardless of presence of one or more of
matenials 24, 20, 18, and 16). Elevationally outer multi-
resistive state material (e.g., material 34) 1s formed eleva-
tionally over and electrically coupled to inner multi-resistive
state material (e.g., material 22) of the first lines independent
of whether other maternial 1s present (e.g., regardless of
presence ol one or more of materials 24, 32, 28, 29 and 30).
The outer multi-resistive state material 1s patterned to form
spaced second lines (e.g., lines 40) that individually are
clevationally over, longitudinally along, and electrically
coupled to the mner multi-resistive state material of indi-
vidual of the first lines. Spaced third lines (e.g., lines 50) are
formed which comprise outer conductive electrode material
(e.g., material 44) crossing elevationally over and electri-
cally coupled to the previously-patterned outer multi-resis-
tive state material independent of whether other maternial 1s
present (e.g., regardless of presence of one or more of
matenals 36, 28, 29, 30, 28z, 29z, and 30z).

Embodiments of the invention encompass using both of
lower material 24 and upper material 32, using neither of
lower material 24 and upper material 32, using only lower
material 24 and not using upper material 32, and using only
upper material 32 and not using lower material 24. When
both materials are used and polishing is used before forming
the outer multi-resistive state material, composition of lower
material 24 may be optimized for use as a polish stop and
composition of upper material 32 may be optimized for
conductivity (e.g., independent of whether lower material 1s
in the finished circuitry construction).

Additional example embodiments are next described with
reference to FIGS. 35-46 with respect to a substrate frag-
ment 10aq. Like numerals from the above-described embodi-
ments have been used where appropriate, with some con-
struction differences being indicated with the suflix “a” or
with different numerals. FIGS. 35-37 show a processing
sequence corresponding to that of FIGS. 9-11 having
occurred relative to a structure as shown in FIGS. 9-11.
However, lower material 24 (not shown in FIGS. 35-37)
may or may not have previously been used. If used, FIGS.
35-37 depict removal having occurred of all remaining of
lower material 24 (not shown) from the array after the
patterning to form first lines 26.
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Referring to FIGS. 38-40, outer multi-resistive state mate-
rial 34 has been formed directly against inner multi-resistive
state material 22 (e.g., no upper material 32 has been used).
Accordingly, in one embodiment, such shows forming of the
outer multi-resistive state material 34 directly against inner

multi-resistive state material 22 of individual of first lines
26.

Referring to FIGS. 41-43, spaced second lines 40 have
been formed analogously to the processing depicted by
FIGS. 15-17. Subsequent processing analogous to that dis-
closed in FIGS. 18-34 may occur whereby a construction as
shown 1 FIGS. 44-46 results. Any other attribute(s) or
construction(s) as described above may be used.

In one embodiment, sacrificial material 1s formed eleva-
tionally over the inner multi-resistive state material. The
sacrificial material, the inner multi-resistive state material,
and the inner electrode material are patterned to form the
spaced first lines individually to comprise the sacrificial
material, the inner multi-resistive state material, and the
inner electrode material. All of the sacrificial material 1s
removed belfore forming the elevationally outer multi-resis-
tive state material. As one example, material 24 may be such
sacrificial material. The sacrificial material 1n this embodi-
ment may be any ol metal material, semi-metal material,
semiconductive, dielectric, ferroelectric etc. as its electrical
properties are not relevant since it 1s all removed from being,
part of the spaced first lines.

Embodiments of the mvention encompass an array of
cross point memory cells independent of method of manu-
facture. Such an array comprises spaced elevationally iner
first lines (e.g., row lines 26), spaced elevationally outer
second lines (e.g., column lines 50) which cross the first
lines, and a multi-resistive state region elevationally
between the first and second lines where such cross. Indi-
vidual of the multi-resistive state regions comprise eleva-
tionally outer multi-resistive state material (e.g., material
34) and 1inner multi-resistive state material (e.g., material 22)
that are electrically coupled to one another. The mnner and
outer multi-resistive state materials may be of the same
composition relative one another or of different composi-
tions relative one another. Regardless, the inner and outer
multi-resistive state materials may be directly against one
another or may not be directly against one another.

The mmner multi-resistive state maternial has opposing
edges 1n a vertical cross section, for example opposing edges
2’7 shown 1n the vertical cross-sections depicted by FIGS. 34
and 46. The outer multi-resistive state material has opposing
edges 1n the vertical cross-section that are laterally offset
relative to the opposing edges of the inner multi-resistive
state material 1n the vertical cross-section. Such 1s shown by
way of example with respect to opposing edges 41 being
oflset relative to opposing edges 27 in each of embodiments
of FIGS. 34 and 46. Individual of the memory cells may
comprise a select device, for example encompassed by select
device material 18 1n FIGS. 34 and 46.

At least one of metal material and semi-metal material
may be elevationally between the inner and outer multi-
resistive state materials. In one embodiment where present,
the at least one of metal material and semi-metal material
may be ntrinsically of higher conductivity than each of the
inner and outer multi-resistive state materials when each 1s
programmed to 1ts highest conductivity state. Regardless, in
one embodiment the array may include lower material and
upper material, with each comprising at least one of metal
material and semi-metal material elevationally between the
inner and outer multi-resistive state materials, and with the
lower and upper materials being of different compositions
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relative one another. In one embodiment, the outer multi-
resistive state material 1s directly against the upper material,
and the upper material 1s intrinsically of higher conductivity
than each of the mner and outer multi-resistive state mate-
rials when each 1s programmed to 1ts highest conductivity
state.

Any other attribute(s) or construction(s) as described
above with respect to method may be used in an array of
cross point memory cells.

CONCLUSION

In some embodiments, a method of forming an array of
cross point memory cells comprises forming elevationally
inner multi-resistive state material elevationally over inner
conductive electrode material. The inner multi-resistive state
material and the inner electrode material are patterned to
form spaced first lines individually comprising the inner
multi-resistive state material elevationally over the inner
clectrode material. Elevationally outer multi-resistive state
material 1s formed elevationally over and electrically
coupled to the inner multi-resistive state material of the first
lines. The outer multi-resistive state material 1s patterned to
form spaced second lines that individually are elevationally
over, longitudinally along, and electrically coupled to the
inner multi-resistive state material of individual of the first
lines. Spaced third lines comprising outer conductive elec-
trode material are formed to cross elevationally over and
clectrically couple to the patterned outer multi-resistive state
material.

In some embodiments, an array of cross point memory
cells comprises spaced elevationally 1inner first lines, spaced
clevationally outer second lines which cross the first lines,
and a multi-resistive state region elevationally between the
first and second lines where such cross. Individual of the
multi-resistive state regions comprise elevationally outer
multi-resistive state material and elevationally 1nner multi-
resistive state material that are electrically coupled to one
another. The inner multi-resistive state material has oppos-
ing edges in a vertical cross-section. The outer multi-
resistive state material has opposing edges in the vertical
cross-section that are laterally offset relative to the opposing
edges of the inner multi-resistive state material in the
vertical cross-section.

In compliance with the statute, the subject matter dis-
closed herein has been described 1n language more or less
specific as to structural and methodical features. It 1s to be
understood, however, that the claims are not limited to the
specific features shown and described, since the means
herein disclosed comprise example embodiments. The
claims are thus to be afforded full scope as literally worded,
and to be appropnately interpreted 1in accordance with the
doctrine of equivalents.

The mvention claimed 1s:

1. An array of cross point memory cells, comprising:

spaced lower first lines, spaced upper second lines which
cross the first lines above the lower first lines, and a
multi-resistive state region elevationally between the
first and second lines where such cross, individual of
the memory cells comprising individual of the lower
first lines, individual of the upper second lines, and
individual of the multi-resistive state regions elevation-
ally there-between where the individual first and sec-
ond lines cross; and

the individual multi-resistive state regions in the indi-
vidual memory cells comprising upper multi-resistive
state material and lower multi-resistive state material
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below the upper multi-resistive state material, the upper
multi-resistive state material and the lower multi-resis-
tive state material being electrically coupled to one
another within the individual memory cells, the lower
multi-resistive state material having opposing edges in 5
a vertical cross-section within the individual memory
cells, the upper multi-resistive state material having
opposing edges 1n the vertical cross-section within the
individual memory cells that are laterally offset relative

to the opposing edges of the lower multi-resistive state 10
material 1 the vertical cross-section within the 1ndi-
vidual memory cells.

2. The array of claim 1 wherein the lower and upper
multi-resistive state materials are of the same composition
relative one another. 15

3. The array of claim 1 wherein the lower and upper
multi-resistive state materials are of different compositions
relative one another.

4. The array of claim 1 wherein the lower and upper
multi-resistive state materials are directly against one 20
another.

5. The array of claim 1 wherein the lower and upper
multi-resistive state materials are not directly against one
another.

6. The array of claim 1 comprising at least one of metal 25
material and semi-metal material elevationally between the
lower and upper multi-resistive state materials.

7. The array of claim 6 wherein the at least one of metal
material and semi-metal maternial 1s intrinsically of higher
conductivity than each of the lower and upper multi-resistive 30
state materials when each i1s programmed to its highest
conductivity state.

8. The array of claim 6 wherein the at least one comprises
metal material.

9. The array of claim 6 wherein the at least one comprises 35
semi-metal matenal.

10. The array of claim 6 wherein the at least one of metal
material and semi-metal material 1s intrinsically not capable
of being programmed to multi-resistive states.

11. The array of claim 1 comprising: 40

lower intervening material comprising at least one of

metal material and semi-metal material elevationally
between the lower and upper multi-resistive state mate-
rials; and

upper interveming material comprising at least one of 45

metal material and semi-metal material elevationally
between the lower and upper multi-resistive state mate-
rials and over the lower intervening material, the lower
and upper intervening materials being of different com-
positions relative one another. 50

12. The array of claim 11 wherein,

the upper multi-resistive state material 1s directly against

the upper itervening material; and

the upper intervening material being intrinsically of

higher conductivity than each of the lower and upper 55
multi-resistive state materials when each 1s pro-
grammed to 1ts highest conductivity state.

13. The array of claim 1 wherein the upper multi-resistive
state material and the lower multi-resistive state material
have diflerent thicknesses. 60

14. The array of claim 1 wherein the upper multi-resistive
state material and the lower multi-resistive state material
have the same thickness.

15. The array of claim 1 wherein the lower and upper
multi-resistive state materials are of the same composition 65
relative one another, the lower and upper multi-resistive
state materials not being directly against one another.

12

16. The array of claim 1 wherein the lower and upper
multi-resistive state materials are of the different composi-
tions relative one another, the lower and upper multi-
resistive state materials not being directly against one
another.

17. An array of cross point memory cells, comprising:

spaced lower first lines, spaced upper second lines which

cross the first lines above the lower first lines, and a
multi-resistive state region elevationally between the
first and second lines where such cross, individual of
the memory cells comprising individual of the lower
first lines, individual of the upper second lines, and
individual of the multi-resistive state regions elevation-
ally there-between where the individual first and sec-
ond lines cross; and

the individual multi-resistive state regions in the indi-

vidual memory cells comprising upper multi-resistive
state material and lower multi-resistive state material
below the upper multi-resistive state material, the upper
multi-resistive state material and the lower multi-resis-
tive state material being electrically coupled to one
another within the individual memory cells, the lower
and upper multi-resistive state materials being of dif-
ferent compositions relative one another and being
directly against one another, the lower multi-resistive
state material having opposing edges in a vertical
cross-section within the individual memory cells, the
upper multi-resistive state material having opposing
edges 1n the vertical cross-section within the individual
memory cells that are laterally offset relative to the
opposing edges of the lower multi-resistive state mate-
rial 1n the vertical cross-section within the individual
memory cells.

18. The array of claim 17 wherein the upper multi-
resistive state material and the lower multi-resistive state
material have different thicknesses.

19. The array of claim 17 wherein the upper multi-
resistive state material and the lower multi-resistive state
material have the same thickness.

20. An array of cross point memory cells, comprising:

spaced lower first lines, spaced upper second lines which

cross the first lines above the lower first lines, and a
multi-resistive state region elevationally between the
first and second lines where such cross, individual of
the memory cells comprising the idividual of the
lower first lines, individual of the upper second lines,
and 1individual of the multi-resistive state regions eleva-
tionally there-between where the individual first and
second lines cross; and

the individual multi-resistive state regions in the indi-

vidual memory cells comprising upper multi-resistive
state material and lower multi-resistive state material
below the upper multi-resistive state material, the upper
multi-resistive state material and the lower multi-resis-
tive state material being electrically coupled to one
another within the mdividual memory cells, the lower
and upper multi-resistive state materials being of the
same composition relative one another and being
directly against one another, the lower multi-resistive
state material having opposing edges 1n a vertical

cross-section within the individual memory cells, the
upper multi-resistive state material having opposing
edges 1n the vertical cross-section within the individual
memory cells that are laterally offset relative to the
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opposing edges of the lower multi-resistive state mate-
rial 1n the vertical cross-section within the individual

memory cells.

14
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